OBJECTIVE: Unnecessary dietary restraint (ie in the absence of a need to lose weight) and chronic overeating are both very unhealthy activities. As a precursor to a more involved longitudinal study, we sought to identify potential early-life predictors that merit scrutiny in this context. DESIGN: Four retrospective questionnaire studies were conducted (Study 1, N ¼ 242; Study 2, N ¼ 297; Study 3, N ¼ 175; Study 4, N ¼ 261). Female participants (18-30 y) completed measures of current dietary restraint and overeating. They also recalled experiences between 5 and 10 years of age. All were staff or students at Loughborough University (UK). RESULTS: After considering obvious sources of systematic bias, we report evidence that (i) dietary restraint is related to memories of maternal weight and dietary behaviour, and (ii) overeating and meal-size selection are both associated with memories of receiving a high-energy diet. CONCLUSION: The role of maternal factors in dietary restraint is consistent with previous research exploring the early onset of this behaviour. However, the relationship between childhood diet and overeating has not been suggested elsewhere. This is particularly important because it suggests a previously unreported correspondence between childhood experience and behaviours associated with obesity in adulthood.
Introduction
We are now well aware that the incidence of obesity has increased in many societies. 1 However, a concomitant and perhaps less recognized problem is the number of people (especially women) who now consciously restrict their dietary intake. 2 In some cases, this dietary strategy serves an important purpose (ie when weight loss results in a health benefit). However, it is also associated with a range of negative consequences, including a preoccupation with thoughts concerning food and weight, 3 depression, 4 stress, 5 social anxiety, 4 and a low self-esteem. 6 Researchers have responded to this problem by formalizing scales that describe specific kinds of dietary restraint. In this paper, we focus primarily on two measures, the restraint section of the Dutch Eating Behaviour Questionnaire (DEBQ 7 ) and the disinhibition section of the Three-Factor Eating Questionnaire (TFEQ 8 ). The DEBQ-restraint scale was chosen because it identifies those individuals who successfully limit their dietary intake. 9 It also contrasts the TFEQdisinhibition scale, which identifies a failure to maintain dietary control and a tendency to overeat. Originally, the TFEQ-disinhibition scale was conceived as a measure of failed dietary restraint. 10 However, more recently, Westenhoefer et al 11 have found that it characterizes a general tendency towards overeating. Westenhoefer et al's 11 results, and those of subsequent successful replications, 12, 13 are relevant to the study of obesity because they show that disinhibited eating is a good predictor of weight gain and elevated BMI during adulthood. 14, 15 In this paper, we will refer to the DEBQ-restraint and the TFEQ-disinhibition subscales as the restraint and the overeating scale, respectively. Given the potentially deleterious consequences of restraint and overeating, it is surprising that relatively little is known about their environmental aetiology. As we shall see, we know something about the emergence of what might be described as protodietary restraint and protodisinhibited eating in very young children. However, the role that earlylife experience plays in predicting adult behaviour remains unclear. An appropriate methodology here is longitudinal research. However, given the paucity of identifiable hypotheses to test, we believe that retrospective studies can provide useful preliminary data. In Study 1, we explore whether restraint and overeating scores are predicted by memories of maternal behaviour and parental rules around mealtime. In Study 2, we consider whether these scores are predicted by memories of diet in childhood. In Study 3, we sought to replicate our results in Studies 1 and 2, and to identify how maternal behaviour and childhood diet interact.
Retrospective reports can provide a useful and economical way to generate hypotheses. However, it is important to consider the extent to which findings might be otherwise attributed to sources of systematic response bias. Following an interim discussion on this topic, we report our final study. In Study 4, we attempt to validate our observations about the relationship between overeating in adulthood and childhood diet. Specifically, we introduce a different methodology that offers further control for potential sources of response bias.
Study 1: Maternal behaviour and parental rules around mealtime
Overview There is now reasonable evidence that behaviours akin to dietary restraint and overeating may be present even before puberty. 16 Indeed, we have a number of candidate factors that are thought to cultivate these activities. Research on the role of maternal influences can be subdivided along four themes: (1) maternal weight and dietary behaviour, (2) restriction of foods, (3) pressure to eat, and (4) use of food as a reward. A brief summary of pertinent research is given below. Since BMI and dietary behaviour are related theoretically and are known to correlate, 17 we have also included research on predictors of weight status during childhood.
(1) Maternal weight and dietary behaviour: A general correspondence exists between mothers and their 5-year-old daughters in their degree of body satisfaction and weight concerns. 18, 19 Furthermore, parental adiposity is related to increased intake and elevated preference for high-fat foods in their children, 20 and a more 'overeating-type' eating style. 21 Overeating can lead to increased childhood adiposity, which is also associated with parental dietary restraint and with measures of overeating in particular. 22, 23 (2) Restriction of foods: Eating behaviour is sometimes under strict parental control. One possibility is that high levels of intervention impede the development of appropriate self-control, such that children learn to rely on external rather than internal cues to initiate and terminate eating. 24, 25 In addition, restricting access to food out of concern about a child's weight status is associated with the development of negative self-evaluations 26 This may promote unhealthy food preferences, and it may interfere with a child's ability to maintain appropriate dietary control. 32 Generally, studies have tended to focus on the development of dietary style in females. This is because, as with adults, aberrant behaviours are more common in this population. Likewise, in our first study, we decided to focus solely on female dietary behaviour. Specifically, we addressed questions relating to each of the four 'themes' outlined above. We reasoned that if early-life experience is relevant to adult behaviour, then an association should exist between one or more of these measures and measures of dietary behaviour in adulthood.
Methods

Participants.
A self-selecting sample of 242 female respondents (mean age ¼ 20.1 y, s.d. ¼ 2.3) assisted with this study. Here, and in all subsequent studies reported in this paper, the participants (i) were either staff or students at Loughborough University (UK), (ii) were informed that their data would be treated as strictly confidential, (iii) encouraged to participate using a small cash-prize draw, and (iv) had not contributed previously to other data sets reported in this paper.
Questionnaire measures. All questions were presented either on paper or by computer (identical versions). The questions that were used to assess memories of childhood experience are shown in Table 1 . The respondents were given the instruction, 'This set of questions relates to the memories you have from when you were between 5 and 10 y of age, at primary [elementary] school. Please think back to this period of your life and answer the following questions.' In each case, the respondents were required to select the appropriate response. The range of potential responses is shown in the second column of Table 1 . The third column contains the name of the corresponding 'predictor category' that the question sought to measure. Each predictor category related to one of the four 'maternal' issues reviewed in the introduction. All ordinal scales were scored numerically, according to the position of the response from left to right. Our decision to sample memories over a reasonably wide set To assess whether childhood experience is associated with these scores, we produced a set of t values and correlation coefficients (as appropriate). As some of the correlations involved count data (which tend to be positively skewed) Spearman's rho is reported throughout for convenience. If the option selected was 'don't know', then this response was omitted from the analysis. Table 1 (columns 4-6) shows the Our results show that both restraint and overeating scores are significantly higher in females who remembered their mother dieting, and a highly significant positive relationship exists between these measures and memories of maternal weight status. Restraint and overeating are also significantly higher in individuals who scored highly in the 'use of food as a reward' category. Finally, encouragement to clean your plate is associated with higher overeating scores, and the use of rewards to finish a meal is associated with higher restraint scores. Both of these relate to the predictor category 'pressure to eat.' Associations with all questions relating to the category 'restriction of foods', together with all other comparisons, failed to reach significance.
Discussion
Both restraint and overeating scores were related to some or all questions in three categories: maternal weight and dieting behaviour, pressure to eat, and use of food as a reward. In this study, we focused on the potential relevance of maternal traits and behaviours in childhood. However, it is also plausible that quality of diet is important. For example, we know that children who prefer high-fat foods also tend to derive a higher proportion of energy from fat when they are offered free access to a range of foods. Moreover, they also tend to have greater skin-fold thickness and have parents who engage in dietary restraint. 20 Given this, one possibility is that childhood diet predicts certain kinds of dietary behaviour in adulthood. Accordingly, in Study 2, we explored the association between responses to a set of childhood 'high-energy diet' questions and measures of restraint and overeating.
Study 2: Effects of childhood diet
Methods A self-selecting sample of 297 female respondents (mean age ¼ 23.1 y, s.d. ¼ 8.5) assisted with this study. As in Study 1, we included the restraint and overeating scales. Questions relating to childhood experience are shown in Table 2 . We used the same general instructions and rubric for scoring questions as in Study 1. In Study 1, responses associated with the construct 'maternal weight and dieting behaviour' were correlated with both restraint and overeating. Therefore, one possibility The results are consistent with two observations from our earlier studies. First, both restraint and overeating scores are related to memories of maternal weight and dieting behaviour (Study 1). Second, high overeating scores (but not restraint scores) are related to memories of contact with high-energy foods during childhood (Study 2). Scrutiny of the correlation between individual items on the high-energy diet section revealed that responses were significantly correlated. All r s values were in the range r s ¼ 0.237 (processed foods and savoury snacks) to r s ¼ 0.539 (chocolate consumption and savoury snacks), and in all cases, Po0.01 (Cronbach's alpha ¼ 0.757). On this basis, we decided to derive a single measure of high-energy diet. This was achieved by first scaling individual responses so that they fell along a continuum between 0 and 1, and then obtaining the mean of these scaled responses, separately for each ). In addition, by using regression or ANCOVA in place of ANOVA, it is possible to control statistically for the correlation between restraint and overeating (which may account for some of the similarities in the factors that influence the two measures) by adding them as predictors in the model. Figure 1 presents adjusted means from analyses of covariance that illustrate how the effects of maternal weight or dieting behaviour vary with low-or highenergy diets on restraint (controlling for overeating) and overeating (controlling for restraint). Although these adjusted means were derived from analyses where median splits were taken of the maternal weight and high-energy diet predictors, this was done solely for the purposes of graphical presentation (as already noted, all reported tests are from statistical models which treat these variables as continuous predictors).
Results and discussion
Maternal weight, t(172) ¼ 2.64, b ¼ 0.13, s.e. ¼ 0.049, Po0.01, but not high-energy diet, t(172) ¼ 0.61, b ¼ 0.33, s.e. ¼ 0.54, P ¼ 0.54, was a statistically significant predictor of restraint scores in a multiple regression model. There was also no evidence that the effect of maternal weight was influenced by high-energy diet as the bilinear interaction between the terms was nonsignificant, t(171) ¼ 0.50, b ¼ 0.20, s.e. ¼ 0.41, P ¼ 0.62. Maternal weight remains a significant predictor after overeating is added to the maineffects model as a predictor, t(171) ¼ 2.20, b ¼ 0.10, s.e. ¼ 0.047, P ¼ 0.029. Therefore, the relationship between maternal weight and restraint is not merely an artefact of the shared variance between the restraint and overeating scales.
In contrast, high-energy diet is a significant predictor of overeating scores, t (172) Mean restraint (after adjusting for overeating) and mean overeating (after adjusting for restraint) scores. Panels on the left show how these scores differ in individuals who's mothers were 'above normal' weight compared with individuals whose mothers were 'normal or below normal' weight. The panels on the right contrast individuals who had a mother who either did or did not diet ('yes' and 'no', respectively). In each case, the scores are further divided according to a median split of high-energy diet scores. Individuals with a higher than average high-energy diet score are represented by square symbols and dotted lines. Individuals with lower than average scores are represented by circles and continuous lines.
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The pattern of results for maternal weight and maternal diet on restraint and overeating are broadly similar. The principal differences are that the analyses of maternal weight show differences that are more striking (especially after the correlation between the two scales is controlled for). This is not surprising given that the dichotomous maternal-diet measure will be less sensitive than the continuous measure of maternal weight, and that the maternal diet analyses are less powerful because they contain fewer cases (due to nonresponses). High-energy diet is associated with increased overeating, but not restraint scores. Maternal weight (and probably also maternal diet) is associated with higher restraint scores, but there is only modest evidence of an association with overeating scores.
Interim discussion: Using retrospective reports
Researchers of dietary restraint and overeating have tended to focus on contemporaneous behavioural and physiological correlates. This means that important environmental aetiology is generally overlooked. In the context of the present research, we regard retrospective analysis as a useful way to generate and explore potential hypotheses in preparation for (rather than an alternative to) longitudinal measurement. The following short sections consider potential problems associated with retrospective measurement. The first considers issues relating to memories of maternal behaviour and weight. The second discusses retrospective reporting of childhood diet. This section also outlines an alternative, and perhaps an improved method, for exploring the relationship between childhood diet and overeating in adulthood. An implementation of this methodology is then reported in Study 4.
Retrospective reports of maternal behaviour and weight
Retrospective reports of childhood experience are used widely and there is little evidence, even in studies of psychopathology, of general unreliability in the data collected (eg, Brewin et al 36 ) . In relation to childhood experience, children's memory for recurring events, such as typical meals, trips to restaurants, and so forth, is similar to that of adults. 37, 38 For these reasons, retrospective methods have been used in numerous studies that explore associations between childhood experience and behaviour in adulthood, including situations where adult and childhood behaviours are related. These include studies exploring the relationship between alcoholism in adulthood and memories of parental alcohol consumption, 39, 40 and also studies assessing how smoking in adulthood is predicted by memories of parental smoking behaviour in childhood. [41] [42] [43] Notwithstanding the above, we recognize that all retrospective measures have the potential to be distorted by contemporaneous behaviours and attitudes. In Studies 1 and 3, we found a clear association between dietary restraint and memories of maternal weight and dieting behaviour during childhood. The most plausible source of bias here is that highly restrained adults falsely remember that their mother dieted when, in fact, she did not. There may be a way to assess the veracity of this hypothesis. Our question about maternal dieting behaviour invited participants to choose 'don't know'. This is important because this option reduces the frequency of uniformed responses that can otherwise lead to response bias. 44, 45 In Studies 1 and 3, 23 and 18% of respondents chose 'don't know', respectively, indicating that this option was readily selected.
Response bias is most likely to occur when a respondent chooses 'yes' or 'no' when they should really select 'don't know'. One possibility is that restrained eaters are especially sensitive to this bias, because their current dietary behaviour colours their judgment. To test this idea, we examined the restraint scores of 'don't know' responders. If systematic bias is present, then 'don't know' responders will tend to have lower restraint-scale scores (ie lower than those who responded 'yes'). On inspection of our data, we found no evidence that this was the case. Indeed, our data would seem to offer modest support for the opposite interpretation. In both Study 1 and in Study 3, we found that the dietary restraint score of people who selected 'don't know' (restraint score of 'don't know' group, Study 1 ¼ 3.04; Study 3 ¼ 2.81) tended to be similar to those who did claim that their mother dieted (restraint score of 'yes' group, Study 1 ¼ 3.07; Study 3 ¼ 2.74). An alternative hypothesis is that the behaviour of low-restrained eaters primes them to respond 'no' instead of 'don't know.' However, the rationale for this bias is unclear (as is the reason why unrestrained eaters might be more sensitive to its influence).
Retrospective reports of childhood diet
Various studies indicate that retrospective measures of diet are not only reliable 46 but are also typically better than assessments of current diet at predicting diet in the distant past 47, 48 (for a review see Friedenreich et al   49   ) . Inevitably, some studies show that current diet may influence the reporting of a recalled diet. 48, 50, 51 However, in relation to this evidence, it is worth noting that previous studies have focused solely on instances where the original dietary record was taken in adulthood. Therefore, the extent to which current diet can influence recall of childhood diet remains to be established. Notwithstanding the above, we recognize the need to be prudent when we discuss the credibility of a relationship between overeating and childhood diet (Studies 2 and 3). One approach is to control for memory bias directly. If memories of childhood diet are coloured by adult diet, then it may be useful to take a measure of current adult dietary behaviour using the same questions that are used to assess childhood diet. If memories of childhood diet are found to predict overeating, even when adult diet is included as a predictor (ie after partialling out the effects of adult diet), Early-life predictors of dietary behaviour JM Brunstrom et al then this finding would be difficult to reconcile with explanations based solely around systematic memory bias. In the same way, it may be possible to control for other forms of bias associated with dietary restraint and BMI. This line of enquiry forms the basis for the work carried out in Study 4.
Study 4: Effects of childhood diet on meal size (controlling for memory bias) Overview Previously, it has been reported that food intake is related to scores on the overeating scale. [11] [12] [13] However, these studies are based on observations in the laboratory and the extent to which they reflect a more general tendency remains unclear.
Since our aim here is to establish a correspondence between an everyday tendency and childhood diet, we decided to include a meal-size selection task (described in detail below). In this task, participants were required to pick a portion size corresponding to the amount of food that they would normally select during a meal.
Methods
A self-selecting sample of 261 females assisted with this study (mean age ¼ 21.9 y, s.d. ¼ 4.6). Questions relating to childhood diet were the same as those in Study 3, except that we removed the question relating to the purchasing of sweets or snacks with pocket money. This enabled us to use the same dietary questions to assess diet in adulthood. After these dietary questions, the respondents completed the meal-selection task. This task comprised four separate judgments. Respondents were given the instruction 'Imagine you are about to prepare a meal. Which of the following portion sizes would you select?' For the first judgment, the participants were shown six images of boiled new potatoes, arranged horizontally across a computer screen. From left to right, the volume of potato increased roughly linearly. The participants selected the appropriate image using the computer mouse. The second, third, and fourth judgment was identical, except that potatoes were replaced with lasagne, cheesecake, and cornflakes, respectively. These foods were chosen because they measure overeating in different contexts. Lasagne and potatoes are usually regarded as a main and a side dish, respectively. Likewise, cornflakes are usually eaten during breakfast, whereas cheesecake is a dessert. The images were taken from the Food Standards Agency (UK) atlas of food-portion sizes. 52 They are well suited to our purpose, because a good positive correlation exists between estimated and actual weights of the food that are depicted. 53 After completing the four meal-size judgments, the participants indicated how much they liked the four foods. Responses were made on a seven-point scale ranging from 'Not at all' to 'Very much'. Finally, we included the restraint and the overeating scale, together with questions about current height and weight.
Results and discussion Consistent with our previous studies, the restraint and overeating scores of our female cohort were 2. As with our measures of adult and childhood diet, we also found a significant correlation between the four items in our meal-size selection task. All r s values were in the range r s ¼ 0.229 (cornflakes and potatoes) to r s ¼ 0.392 (lasagne and cornflakes). Therefore, for each participant, we also derived a single measure of meal size, based on an aggregation of responses across the four items. Table 4 shows the intercorrelation between our measures of meal size, overeating, restraint, adult diet, and childhood diet. As in Studies 2 and 3, we found a significant positive relationship between childhood diet and overeating scores.
As expected, we found a significant positive correlation between overeating and meal size and a significant negative correlation between restraint and meal size (restrained eaters chose smaller meal sizes). We also found a significant positive correlation between adult diet and meal size and, more importantly, a significant positive correlation between meal size and childhood diet. In this experiment, we were particularly interested to explore whether childhood diet predicts meal size even when we control statistically for the correlation between adult diet and meal size. In a multiple regression model, we found that adult diet is a marginal predictor of meal size, t(253) ¼ 1.86, b ¼ 0.74, s.e. ¼ 0.39, P ¼ 0.063. Nevertheless, after accounting for this relationship, we found that childhood diet, t(253) ¼ 2.48, b ¼ 0.92, s.e. ¼ 0.37, P ¼ 0.014, is still a statistically significant predictor of meal size.
In addition to adult diet, we were also interested in controlling for three other factors that might also covary with meal size. First, we probably eat larger portions of the Based on the above analysis, we conclude that preference and other factors may influence meal size selection in predictable ways. Nonetheless, after accounting for these effects, we find that memories of childhood diet are still related to the portion sizes that are selected in adulthood.
General discussion
In this work, we have attempted to identify the kinds of childhood experience that might be associated with dietary restraint and overeating in adulthood. The results from Study 1 indicate that both overeating and restraint may be related to the use of food as a reward and with parental pressure to eat. Restraint and overeating are also associated with memories of maternal dieting behaviour and maternal weight (Studies 1 and 3) . These findings are consistent with previous observations relating to the emergence of aberrant eating behaviours in children. 16, 22, 32 We have a reasonable understanding of the types of stimuli that can elicit an episode of overeating (for a review see Ruderman 54 ). However, it has remained unclear why some people engage in this behaviour and others do not. In this regard, a consistent finding from our studies (Studies 2-4) is that high overeating scores are associated with memories of receiving a high-energy diet in childhood. Despite the fact that both restraint and overeating are associated with memories of maternal weight and dieting behaviour (Studies 1 and 3), it is intriguing that we found little evidence that restraint scores are associated with childhood diet. To our knowledge, a dissociation of this kind has not been observed previously.
In Study 4, we found that responses in our meal-size selection task correlated with overeating scores. This is consistent with claims that the overeating scale measures a general tendency to overeat. [11] [12] [13] More importantly, however, we found that, as with overeating scores, meal size selection is related to memories of high-energy foods in childhood, and that this is the case even when we control for response bias associated with other variables such as restraint, adult dietary selections, BMI, and preference for the foods in the meal-selection task. The reason why meal size and overeating are related to memories of exposure to high-energy foods in childhood remains to be established. However, we know that children readily acquire preferences for energy-dense foods, 55 perhaps because early and repeated exposure to high concentrations of sugar and fat establishes a preference for foods with these characteristics. 56 One possibility is that when foods become extremely liked, it becomes more difficult to maintain appropriate dietary control, and this persists into adulthood.
As noted earlier, this might also explain why measures of overeating (rather than restraint) strongly predict levels of adiposity, BMI, and significant disturbances of eating. 14, 15 Several sources are consistent with our interpretation. For example, cephalic-phase salivation is generally more active in adults who score highly on the Restraint Scale. 57, 58 This is important, because this scale is thought to characterize individuals who engage in disinhibited eating. 9, 59, 60 Moreover, individuals with high Restraint Scale scores are generally more reactive to food and experience increased desire to eat following exposure to a highly palatable food. 61, 62 An alternative hypothesis is that the relationship between childhood diet and meal size lies in the size rather than the content of meals in childhood. People have a tendency to consume all of the food that is served on their plate. 63, 64 This is important because portion sizes have grown in recent years, particularly those derived from supermarkets and restaurants. [65] [66] [67] [68] One group 69 has suggested that the response to portion size may be learned at an early age and reinforced by continual exposure to large portions and by rewarding children for behaviours such as 'cleaning the plate'. 31 In this respect, it is worth nothing that 3-year-old children appear to be resistant to the influence of portion size on energy intake, whereas 5-year-old children respond to increasing portions of macaroni and cheese by consuming more of this food. 70 We have already explored the advantages and disadvantages of using retrospective reports. With this in mind, our approach here has been to consider the veracity of the relationships that have been identified. For example, as we have seen, the distribution of 'don't know' scores across restrained and unrestrained eaters makes it unlikely that the association between memories of maternal dieting behaviour and dietary restraint should otherwise be attributed to response bias. Similarly, in relation to the association between childhood diet and overeating, we have been able
Early-life predictors of dietary behaviour JM Brunstrom et al to control statistically for the most obvious biases associated with BMI, restraint, adult dietary choices, and preference for the foods used in the meal-selection task. Despite this, our findings must be regarded as preliminary. One concern is that we have used a relatively small number of items to represent predictor constructs of interest. In part, this reflects compromise, based on the decision to consider a range of issues. However, we recognize that we can be less certain that meaningful constructs are being assessed when only a few childhood memories are being measured. Future studies should address this problem accordingly. They might also explore opportunities to validate answers and to explore the psychometric characteristics of the measures we have used.
As noted earlier, one of our aims is to provide an initial grounding for longitudinal research. Based on our results, it would seem a good idea to monitoring the whole family. In particular, researchers should develop a detailed and comprehensive assessment of dietary behaviours using a range of measures, including food-diaries, 'child-friendly' dietary questionnaires, and also measures derived from biopsychological observations (eg salivation, stress-induced eating, flavour-preference learning, etc) collected in a laboratory context. A further possibility is that other important predictors exist. For example, one might usefully start by considering the relevance of daily exercise, which is thought to be related to levels of obesity in infancy. 71 Alternatively, it might be interesting to see if adult dietary behaviour is also predicted by the experiences that are thought to mediate dietary behaviour in adolescence 72, 73 (for a review see Hill 74 ). Future studies might also incorporate analysis of genetic influences on dietary behaviour. 75, 76 In particular, it might be appropriate to follow up recent studies, indicating that overeating (as predicted by a high disinhibition score) is associated with a specific genetic constitution. 77, 78 If this is the case, then one possibility is that certain individuals are especially vulnerable to the consequences of exposure to unhealthy foods, and should be protected accordingly.
